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ABSTRACT
Purpose: The purpose of this article is the development of quantitative methods for 
assessing the quality of nanocomposite materials used in fuel cells.
Design/methodology/approach: latinum is the most commonly used catalyst in fuel 
cells, commonly in the form of nanoparticles deposited on the surface of carbon black. 
Due to the nanometric size of platinum particles, transmission electron microscopy can 
be applied to evaluate the produced catalysts. TEM image also allow to determinate the 
approximate value of the chemical specific surface area) of platinum nanoparticles, but only 
in case of spherical particles.
Findings: In present work, taking into account additional assumptions resulting directly from 
the analysis of microscopic images, the method of estimation of the particle diameter and 
the chemical specific surface area for nonsymmetrical (elongated) nanoparticles is present.
Research limitations/implications: The presented work presents a method for 
determining the specific surface of platinum, when their shape is elongated. It is worth 
noting that the modified formulas for determining the particle diameter and the value of 
the chemically active specific surface of the platinum nanoparticles of the elongated shape 
are equivalent to the formulas previously given for spherical particles, if the particle length 
and its diameter are equal. In this case, patterns for symmetric particles and more general 
(modified) patterns can be used interchangeably.
Practical implications: Development of new and more effective catalysts for fuel cells.
Originality/value: The significance of the presented work results from the possibility 
of using the described method in the catalyst studies during real catalytic processes. 
It allows comparing catalytic activity after the process, also in unusual conditions and in an 
aggressive environment, using minimal amounts of material.
Keywords: TEM, Nanocomposite, Fuel cells, Carbon black, Platinum
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
&DUERQ EODFN &% LV WKH ROGHVW KXPDQPDGH
QDQRPDWHULDO >@ 6LPSOHPHWKRGV RI SURGXFLQJ VRRW XVHG
WR PDNH LQN ZHUH DOUHDG\ NQRZQ LQ DQFLHQW &KLQD DQG
(J\SW7KH&%ZDV WKHQREWDLQHGE\EXUQLQJRLO RU UHVLQ
XQGHU VXVSHQGHG SRUFHODLQ GLVKHV 7KH LPSRUWDQFH RI &%
VRRW REWDLQHG IRU LQGXVWULDO DSSOLFDWLRQV KDV EHHQ
V\VWHPDWLFDOO\JURZLQJVLQFHWKHSULQWLQJEHFDPHSRSXODU
ZKHUHDV WKH IXQGDPHQWDO EUHDNWKURXJK FDPH DIWHU WKH
GLVFRYHU\ WKDW WKH DGGLWLRQ RI &% WR UXEEHU VLJQLILFDQWO\
LPSURYHVLWVPHFKDQLFDOSURSHUWLHV7KLVIDFWFRQWULEXWHGWR
WKH GHYHORSPHQW RI WKH DXWRPRWLYH LQGXVWU\ HQDEOLQJ WKH
SURGXFWLRQ RI WLUHV ZLWK WHQV RI WKRXVDQGV RI NLORPHWUHV
&XUUHQWO\&%LVDQ LQGXVWULDO UDZPDWHULDOSULPDULO\XVHG
DV D ILOOHU LQ WKH SURGXFWLRQ RI WLUHV DQG RWKHU UXEEHU
PDWHULDOV DQG DV D SLJPHQW LQ WKH SURGXFWLRQ RI SDLQWV
YDUQLVKHV DQG SODVWLFV >@ 2Q WKH RWKHU KDQG DV D
QDQRPDWHULDO&%VRRWUHPDLQVXQDSSUHFLDWHG2QHRIWKH
IHZ DSSOLFDWLRQV RI FDUERQ EODFN HIIHFWLYHO\ XVLQJ WKH
SRVVLELOLWLHVUHVXOWLQJIURPWKHQDQRVL]HLVWKHUROHRIWKH
VXSSRUW IRU FDWDO\WLF QDQRSDUWLFOHV ZKLFK FDQ EH HYHQO\
GLVSHUVHG RQ LWV KLJKO\ GHYHORSHG VXUIDFH ZKLFK
VLJQLILFDQWO\LQFUHDVHVWKHHIILFLHQF\RIWKHDSSOLHGFDWDO\VW
ZKLOH UHGXFLQJ LWV FRQVXPSWLRQ DQG FRVW 7KH FDWDO\WLF
QDQRSDUWLFOHV DUH GHILQHG DV FDWDO\VW SDUWLFOHV ZLWK D VL]H
UDQJLQJ IURP WRQP >@7KH LPSRUWDQFHRI FDWDO\VW
EDVHGSURFHVVHV LV JURZLQJG\QDPLFDOO\ HVSHFLDOO\ LQ WKH
DUHDV UHODWHG WR VWRUDJH UHFHLSW DQGFRQYHUVLRQRI HQHUJ\
WKDW LV FULWLFDO LVVXHV IRU WKH TXDOLW\ RI KXPDQ OLIH DQG
IXUWKHU GHYHORSPHQW RI FLYLOL]DWLRQ WKHUHIRUH HIIRUWV WR
LQFUHDVHWKHHIILFLHQF\RI WKHLUXVHDUHMXVWLILHGHVSHFLDOO\
GXH WR WKHLU KLJKSULFH DQG OLPLWHG UHVRXUFHV7KLV FDQEH
DFKLHYHGE\XVLQJDFDWDO\VWLQWKHIRUPRIQDQRSDUWLFOHVRI
DSSURSULDWH VL]H DQG VKDSH WKHLU PRUH HYHQ DQG VWDEOH
GLVWULEXWLRQ RQ WKH VXUIDFH RI WKH VXSSRUW DQG WKH
PRGLILFDWLRQRIWKHVXSSRUWLWVHOI
)XHOFHOOVDUHGHYLFHVWKDWFRQYHUWWKHFKHPLFDOHQHUJ\
RI IXHO DQG R[LGDQW GLUHFWO\ LQWR HOHFWULFLW\ &RPSDUHG WR
FRQYHQWLRQDO PHWKRGV RI JHQHUDWLQJ HOHFWULFLW\ DQG KHDW
IXHOFHOOVKDYHWZREDVLFDGYDQWDJHVKLJKHUHIILFLHQF\DQG
YHU\ORZHPLVVLRQRIKDUPIXOFRPSRXQGVVXFKDVQLWURJHQ
R[LGHV VXOIXU K\GURFDUERQV DQG FDUERQ PRQR[LGH $Q
LQWHQVLYHO\ GHYHORSHG W\SH RI IXHO FHOO LV WKH 3(0)&
3URWRQ ([FKDQJH 0HPEUDQH )XHO &HOO ,WV SULQFLSOH RI
RSHUDWLRQ LV EDVHG RQ DQ HOHFWURFKHPLFDO SURFHVV WKDW
FRUUHVSRQGVWRUHYHUVHHOHFWURO\VLVRIZDWHUDQGDOORZVIRU
DFRQWUROOHGUHDFWLRQRIFRPELQLQJK\GURJHQFRPLQJIURP
IXHO ZLWK R[\JHQ FRPLQJ IURP WKH DLU >@ 7KH SRZHU
GHQVLW\ SURYLGHG E\ WKLV W\SH RI FHOO LV DQ RUGHU RI
PDJQLWXGH KLJKHU WKDQ WKDW RI RWKHU IXHO FHOOV 7KH
H[FHSWLRQV DUH YHU\ DGYDQFHG XVHG LQ WKH VSDFH
WHFKQRORJ\$ONDOLQH)XHO&HOOV
7KH PRVW FRPPRQO\ XVHG FDWDO\VW LQ 3(0 FHOOV LV
SODWLQXP FRPPRQO\ XVHG LQ WKH IRUP RI QDQRSDUWLFOHV
GHSRVLWHG RQ WKH VXUIDFH RI &% >@ &RQVLGHULQJ WKH
DYDLODELOLW\DQGVLJQLILFDQWGLYHUVLW\RIFDUERQEODFNVLW LV
VXUSULVLQJWRXVHERWKLQWKHEDVLFUHVHDUFKDQGFRPPHUFLDO






VXSSRUW RI SODWLQXP QDQRSDUWLFOHV >@ SBET ± VSHFLILF
VXUIDFHDUHDdp±SULPDU\SDUWLFOHVGLDPHWHU
&%JUDGH 0DQXIDFWXUHU SBETPJ dpQP
9XOFDQ;& &DERW  
%ODFN3HDUOV
 &DERW  
'HQND%ODFN 'HQND  










'XH WR WKH QDQRPHWULF VL]H RI SODWLQXP SDUWLFOHV
WUDQVPLVVLRQ HOHFWURQ PLFURVFRS\ LV XVHG WR HYDOXDWH WKH
SURGXFHG FDWDO\VWV ,Q WKH WUDQVPLVVLRQ HOHFWURQ
PLFURVFRSH D EHDP RI KLJKHQHUJ\ HOHFWURQV LV XVHG IRU
LPDJLQJ VDPSOHV 7KH HOHFWURQ HQHUJ\ LV XVXDOO\ LQ WKH
UDQJH EHWZHHQ  DQG  NH9 ZKLFK FRUUHVSRQGV WR D
ZDYHOHQJWK RI VHYHUDO SLFRPHWHUV  SP   P DQG
SURYLGHV WKH UHTXLUHG VSDWLDO UHVROXWLRQ 0RGHUQ
WUDQVPLVVLRQ PLFURVFRSHV HQDEOH RSHUDWLRQ LQ 7(0 DQG
67(0 PRGH 7KH GLIIHUHQFH EHWZHHQ WKHP FRQFHUQV WKH
ZD\ DQ HOHFWURQ EHDP LQWHUDFWV ZLWK WKH VDPSOH ,Q WKH
7(0 WUDQVPLVVLRQPRGH DZLGH VWDWLRQDU\ HOHFWURQEHDP
LVXVHGWRREWDLQWKHLPDJH$SDUDOOHOEHDPLOOXPLQDWHVWKH
VDPSOH WKHQ WKH REMHFWLYH OHQV FUHDWHV D IODW WZR
GLPHQVLRQDOLPDJHWKDWLVIXUWKHUPDJQLILHGVHYHUDOWLPHV
DQG SURMHFWHG RQWR WKH VFUHHQ )RU FKDUDFWHULVDWLRQ RI
QDQRVWUXFWXUHG FDUERQ PDWHULDOV GHFRUDWHG ZLWK PHWDO
QDQRSDUWLFOHV VFDQQLQJ HOHFWURQ PLFURVFRS\ 67(0 LV
SDUWLFXODUO\XVHIXOHVSHFLDOO\ WKH LPDJLQJWHFKQLTXHXVLQJ
WKH +$$') GHWHFWRU +LJK $QJOH $QQXODU 'DUN )LHOG
>@67(0LPDJHVDUHREWDLQHGDVDUHVXOWRIUHFRUGLQJ
WKH LQWHQVLW\ RI WKH VFDWWHUHG EHDP GHSHQGLQJ RQ WKH
SRVLWLRQRI WKHEHDP IDOOLQJRQ WKH VXUIDFHRI WKH VDPSOH
7KHHOHFWURQVVFDWWHUHGDWDKLJKDQJOHDUHUHFRUGHGE\WKH
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
+$$')GHWHFWRU7KHODUJHGLIIXVLRQDQJOHLVWKHUHVXOWRI
WKH LQWHUDFWLRQ RI HOHFWURQV ZLWK WKH DWRPLF QXFOHL RI WKH
DQDO\VHG PDWHULDO WKH SUHGRPLQDQW FRPSRQHQW LV
5XWKHUIRUG VFDWWHULQJ 7R LQFUHDVH WKH HIILFLHQF\ RI
UHFRUGLQJZHDNVLJQDO ULQJGHWHFWRUVDUHXVHG'LIIHUHQWLDO
FURVVVHFWLRQRQVFDWWHULQJ LVSURSRUWLRQDO WR WKHVTXDUHRI
WKH HOHFWULF FKDUJH RI WKH QXFOHXV , Ȥ a = 7KDQNV WR
WKLV VFDWWHUHG HOHFWURQV DUH D VRXUFH RI LQIRUPDWLRQ DERXW
WKHDWRPLFQXFOHXVFKDUJHDQG+$$')LPDJHVUHSUHVHQWD
TXDOLWDWLYH FKHPLFDO FRQWUDVW+HDY\ DWRPV RU FROXPQVRI
VXFKDWRPV LQKLJK UHVROXWLRQ LPDJHVDUHYLVLEOHDVEULJKW
SRLQWVZKLOH OLJKWRQHVDUHGDUNHU ,I WKHGHWHFWRU LVFORVH
HQRXJK WR WKH VDPSOH WKH VFDWWHULQJ DQJOH LV VXIILFLHQWO\
ODUJH HOHFWURQV GLVSHUVHG FRKHUHQWO\ RQ FU\VWDOV DUH QRW
UHFRUGHGQRGLIIUDFWLRQFRQWUDVWDQG WKH LQWHUSUHWDWLRQRI
WKH REWDLQHG LPDJH LV LQWXLWLYH ,W LV QRW QHFHVVDU\ WR
FRPSDUH WKH LPDJHVREWDLQHGZLWK WKHUHVXOWVRIFRPSXWHU
VLPXODWLRQV DV LV WKH +57(0 LPDJHV FDVH ZKHUH WKH
UHVXOWLQJ LQWHQVLW\GHSHQGVRQPDQ\ IDFWRUV LQFOXGLQJ WKH
H[FLWDWLRQ RI WKH REMHFWLYH OHQV DQG WKH WKLFNQHVV RI WKH
VDPSOH
%DVHG RQ WKH UHFRUGHG LPDJHV RI &% DJJUHJDWHV ZLWK
SODWLQXP QDQRSDUWLFOHV WKH VKDSH DQG VL]H RI WKH 3W
SDUWLFOHV FDQ EH FKDUDFWHULVHG E\ PHDVXULQJ WKHLU DUHD




݀௣ሺܶܧܯሻ ൌ ʹ ൉ ට஺೛గ  

DQGDVSHFWUDWLRF
ܨ ൌ ସగ஺೛௉మ  
DQG WKHLU PHDQ YDOXHV DQG KLVWRJUDPV RI 3W SDUWLFOH




ܥܵܣ ൌ ଺଴଴଴଴ఘು೟ௗ೛ 

ZKHUHߩ௉௧LVWKHSODWLQXPGHQVLW\JFP
7KH DERYH IRUPXODV DUH FRUUHFW RQO\ IRU SDUWLFOHV RI












DIWHU WKLV DEEUHYLDWHG DV ): LV 2ULRQ (QJLQHHUHG




WKH SULPDU\ SDUWLFOHV LV GS    QP YDOXH JLYHQ E\ WKH
PDQXIDFWXUHU GHWHUPLQHG E\ WKH 7(0 PHWKRG 7KH
PDQXIDFWXUHUUHFRPPHQGVWKLVW\SHRI&%IRUG\HLQJKLJK
TXDOLW\PHWDOOLFDQGSODVWLFFRDWLQJV
): VDPSOHV ZHUH KHDWHG LQ DQ $FKHVRQ IXUQDFH
XQGHU DUJRQ 6*/ &$5%21 3ROVND 6$ 5DFLEyU] 7KH
PD[LPXP WHPSHUDWXUH ZDV & $W PD[LPXP
WHPSHUDWXUHVVDPSOHVZHUHNHSWIRUPLQXWHV,QRUGHUWR
PRGLI\ WKH VXUIDFH RI WKH JUDSKLWLVHG ): E\
LQWURGXFLQJ DGGLWLRQDO GHIHFWV RI WKH VWUXFWXUH DQG
IRUPDWLRQRIIXQFWLRQDOJURXSV WKHPDWHULDOZDVSODFHGLQ
FRQFHQWUDWHG QLWULF DFLG 9 DQG WKHQ GLVSHUVHG XVLQJ
XOWUDVRQLF ZDYHV DQG KHDWHG XQGHU UHIOX[ 7KH REWDLQHG
PDWHULDOZDVILOWHUHGDQGUHSHDWHGO\ZDVKHGZLWKGHLRQLVHG
ZDWHU XQWLO WKH UHDFWLRQZDV QHXWUDO 7KH GHSRVLWLRQ RI 3W
QDQRSDUWLFOHV ZDV FDUULHG RXW DFFRUGLQJ WR WKH SURFHGXUH
GHVFULEHG LQ >@ ZLWK PLQRU PRGLILFDWLRQV 7KH
JUDSKLWLVHG &% DIWHU WKH IXQFWLRQDOL]DWLRQ SURFHVV ZDV
GLVSHUVHG LQ HWK\OHQH JO\FRO XVLQJ XOWUDVRXQG IRU 
PLQXWHV:KLOH VWLUULQJ YLJRURXVO\ DFHWRQH ZDV DGGHG WR
WKH VXVSHQVLRQ IROORZHG E\ WKH DSSURSULDWH DPRXQW RI
KH[DFKORURSODWLQLFDFLG,9DQGVRGLXPFLWUDWH7KHQD
VRGLXP K\GUR[LGH VROXWLRQ ZDV DGGHG GURSZLVH XQWLO WKH
S+ZDV 7KHPL[WXUHZDV VWLUUHG IRU KDOI DQ KRXU DQG
WKHQKHDWHGXQGHUUHIOX[IRUKRXUV7KHQLWZDVFRROHGWR
URRPWHPSHUDWXUHDQGPDLQWDLQHGXQGHUVWLUULQJIRUQLJKW
7KH SURGXFW REWDLQHG ZDV ZDVKHG ZLWK ZDWHU XQWLO WKH
LPSXULWLHVZHUHFRPSOHWHO\ZDVKHGDQGWKHS+ZDVQHXWUDO
DQGGULHGDW&7ZRVDPSOHVZHUHREWDLQHGIRUIXUWKHU
WHVWV ZLWK D VPDOO DERXW  ):3W$ DQG D ODUJH
 ):3W$ FRQFHQWUDWLRQ RI SODWLQXP HPEHGGHG
7DEOH
)RU FRPSDULVRQ FRPPHUFLDO PDWHULDO IURP )XHO &HOOV
(WF ZZZIXHOFHOOVHWFFRP GHVLJQDWHG DV9XOFDQ3WZDV
XVHG 7KHVH DUH SODWLQXP QDQRSDUWLFOHV ZLWK D GLDPHWHU
RIQPGHSRVLWHGRQWKHVXUIDFHRIWKHDPRUSKRXV9XOFDQ
FDUERQ EODFN 7KH VSHFLILF VXUIDFH DUHD RI SODWLQXP LV
2.  Materials
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7UDQVPLVVLRQ HOHFWURQ PLFURVFRS\ ZDV FDUULHG RXW
XVLQJ WKH 67(0 7,7$1  PLFURVFRSH IURP )(,





'XULQJ WKH H[SHULPHQWV WKH LQWHQVLW\ RI WKHEHDPDQG
WKHH[SRVXUH WLPHZHUH UHGXFHGDQGRU WKH ORZHU N9
DFFHOHUDWHGYROWDJHZDVXVHG&%VWUXFWXUHGHFRUDWHGZLWK
SODWLQXPQDQRSDUWLFOHVZHUHSHUIRUPHGLQ67(0XVLQJWKH
+$$') DQG%) GHWHFWRU%DVHG RQ WKH UHFRUGHG LPDJHV
WKH DUHDV Ap DQG WKH SHULPHWHU P RI WKH SODWLQXP










:KHQ WKH SODWLQXP FRQFHQWUDWLRQ ZDV DERXW  WKH
SODWLQXP SDUWLFOHV ZHUH DW D FRQVLGHUDEOH GLVWDQFH IURP
HDFK RWKHU DQG KDG D VSKHULFDO VKDSH 7KHLU VL]H FDQ EH
HVWLPDWHGDWDURXQGQP)LJ6XFKPRUSKRORJ\DQG
GLVWULEXWLRQDUHYHU\EHQHILFLDO IRUFDWDO\WLFSURFHVVHVEXW
WKH FRQFHQWUDWLRQ LV LQVXIILFLHQW WR REWDLQ D VDWLVIDFWRU\











4.1.  Morphology of platinum nanoparticles depo-
sited on the surface of graphitised FW200 
at low concentration
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DOVR HYHQO\ GLVWULEXWHG RQ WKH VXUIDFH RI WKH &% VXSSRUW
)LJ  7KH GLVWDQFH EHWZHHQ WKH SDUWLFOHV LV VLJQLILFDQW
DQG DSSUR[LPDWHO\ FRQVWDQW 7KH FKDUDFWHULVWLF IHDWXUH RI
WKHVH SDUWLFOHV ZKLFK LV GLVWLQFWLYH IURP WKH SUHYLRXV
VDPSOH LV WKHLU HORQJDWHG VKDSH 7DNLQJ LQWR DFFRXQW WKH




RI JUDSKLWLVHG FDUERQ EODFN SUHYHQW WKH SODWLQXP
QDQRSDUWLFOHVIURPGLIIHUHQWZDOOVWRFRQQHFW7KHVKDSHRI
WKHVH HGJHV DOVR GHWHUPLQHV WKH VKDSH RI WKH SODWLQXP
QDQRSDUWLFOHV EH IRUPHG ,W FDQ EH DVVXPHG WKDW WKH\ DUH
HORQJDWHG DOWKRXJK WKH\ VRPHWLPHV EUDQFK RXW 7KHLU

















$W KLJK FRQFHQWUDWLRQ WKH PDMRULW\ RI SODWLQXP
QDQRSDUWLFOHV GHSRVLWHG RQ JUDSKLWLVHG VRRW DUH RI
HORQJDWHGVKDSH)LJ%HFDXVHSDUWLFOHVFDQEHWLOWHGVR
WKHLU OHQJWK FDQ EH HYHQ ODUJHU WKDQ VHHQ LQ WKH 7(0
LPDJHV 7KH DVVHVVPHQW RI WKH VKDSH RI DV\PPHWULFDO
SDUWLFOHVRQWKHEDVLVRIPLFURVFRSLFLPDJHVLVGLIILFXOWGXH
WRWKHIDFWWKDWWKH\SUHVHQWDWZRGLPHQVLRQDOSURMHFWLRQRI
WKUHHGLPHQVLRQDO REMHFWV ,Q WKH FDVH RI WKH DQDO\VHG
SDUWLFOHVWKHHYDOXDWLRQRIWKHLUVKDSHLVSRVVLEOHSURYLGHG
WKDW DGGLWLRQDO DVVXPSWLRQV DUH PDGH %DVHG RQ WKH
DQDO\VLVRIPLFURVFRSLFLPDJHVLWLVUHDVRQDEOHWRFRQVLGHU
WKDW WKHSODWLQXPQDQRSDUWLFOHV LQ WKH):3W%VDPSOH
ZHUHIRUPHGDVDUHVXOWRIFRQQHFWLRQOLQNDJHSDUWLFOHVRI
D VSKHULFDO VKDSH DQG WKH VDPH VL]H DV ZDV VHHQ LQ WKH
):3W$ VDPSOH 7KH VKDSH RI WKH SODWLQXP







)LJ67(0%)DDQG+$$')E LPDJHVRIHORQJDWHGSODWLQXPQDQRSDUWLFOHV KLJKFRQFHQWUDWLRQRQ WKH VXUIDFHRI
JUDSKLWLVHGFDUERQEODFN):3W%
4.2.  Morphology of platinum nanoparticles depo-
sited on the surface of graphitised FW200 
at high concentration
4.3.  Morphology of platinum nanoparticles 
deposited on the surface of Vulcan
4.4.  Determination of the diameter and specific 
surface area of platinum nanoparticles with 
an elongated shape
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)LJ  +5 67(0+$$') LPDJH RI JUDSKLWLVHG ): GHFRUDWHG ZLWK SODWLQXP QDQRSDUWLFOHV ): 3W% D
HQODUJHPHQWRIWKHSODWLQXPQDQRSDUWLFOHLQGLFDWHGE\WKHDUURZRQWKHSUHYLRXVLPDJHE

$QDO\VLV RI 7(0 LPDJHV SUHVHQWLQJ SODWLQXP
QDQRSDUWLFOHV ZHUH EDVHG RQ PHDVXULQJ IRU HDFK RI WKHP
WKH YDOXH RI WKH SDUWLFOH VXUIDFH RQ WKH LPDJH $S DQG LWV
SHULPHWHU31H[WRQWKHEDVLVRIWKHREWDLQHGYDOXHVWKH
OHQJWK / DQG WKH SDUWLFOH GLDPHWHU ' ZHUH GHWHUPLQHG
DVVXPLQJWKDWLWVVKDSHLVVLPLODUWRWKHF\OLQGHUHQGHGZLWK
KDOYHVVSKHUHV
ܦ ൌ ௉ିଶටುమర ିగ஺ುగ  ܮ ൌ ௉ି஽ು೟ሺగିଶሻଶ  
7KH GLDPHWHU RI F\OLQGHUD LV DSSUR[LPDWHO\ FRQVWDQW
RYHU WKHHQWLUH OHQJWKRI WKHSDUWLFOH DQGGRHVQRWGHSHQG
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
RQ WKH RULHQWDWLRQ RI WKH SDUWLFOH GRHV QRW FKDQJH





$VVXPLQJ WKDW WKH SDUWLFOHV DUH DUUDQJHG LQ D FRPSOHWHO\
UDQGRP PDQQHU RQH FDQ GHWHUPLQH WKH UHODWLRQVKLS
EHWZHHQ WKH UHDO DQG REVHUYHG SDUWLFOH OHQJWK DV /3W  
//'.ZKHUH WKHDYHUDJHUHGXFWLRQIDFWRU. 
GHWHUPLQHGEDVHGRQ0RQWH&DUORFRPSXWHUVLPXODWLRQV
7KHQ RQH FDQ GHWHUPLQH WKH DFWXDO RXWHU VXUIDFH RI WKH
SODWLQXPSDUWLFOH33WDQGLWVYROXPH93W
 ௉ܲ௧ ൌ ሺܮ௉௧ െ ܦሻߨܦ ൅ ߨܦଶ  ௉ܸ௧ ൌ ሺܮ௉௧ െ ܦሻ గସܦௗ ൅ గ଺ܦଷ 
DQG DQ HTXLYDOHQW SDUWLFOH GLDPHWHU RI SODWLQXP HTXDO WR
WKHGLDPHWHURIWKHVSKHUHZLWKD93WYROXPH
୔୲ ൌ ʹට଺୚ౌ౪஠య  

7KH YDOXH RI WKH VSHFLILF VXUIDFH DUHD RI &$63W RI
SODWLQXP QDQRSDUWLFOHVZLWK HORQJDWHG VKDSH VLPLODU WR D
F\OLQGHUFDQWKHQEHFDOFXODWHGDV
୔୲ ൌ ୔ౌ౪୫ ൌ ୔ౌ౪஡୚ౌ౪ 
 &RPSDULVRQ RI WKH VL]H DQG VSHFLILF
VXUIDFH DUHD RI SODWLQXP QDQRSDUWLFOHV GHSRVLWHG
RQ 9XOFDQ DQG JUDSKLWLVHG FDUERQ EODFN
):

7KH DYHUDJH YDOXH RI WKH HTXLYDOHQW GLDPHWHU RI
SODWLQXPSDUWLFOHVGHSRVLWHGRQ9XOFDQDPRUSKRXVEODFN
LVDERXWQP7KHSDUWLFOHVDUHRIDVSKHULFDOVKDSH
F      7KH VXUIDFH DUHD RI &$6 SODWLQXP
   PJ FDOFXODWHG RQ WKH EDVLV RI PLFURVFRSLF
LPDJHV KDV D YDOXH VLPLODU WR WKH RQH JLYHQ E\ WKH
PDQXIDFWXUHUPJZKLFKFRQILUPVWKHFRUUHFWQHVVRI
WKHSURSRVHGPHWKRG
7KH DYHUDJH YDOXH RI WKH HTXLYDOHQW GLDPHWHU RI
SODWLQXP SDUWLFOHV GHSRVLWHG RQ JUDSKLWLVHG FDUERQ EODFN




LPDJHV LV    PJ )RU WKH PDWHULDO ZLWK KLJK
FRQFHQWUDWLRQ RI SODWLQXP SDUWLFOHV GHSRVLWHG RQ
JUDSKLWLVHGFDUERQEODFN ):3W% WKHDYHUDJHYDOXH
RI WKH SODWLQXP SDUWLFOH GLDPHWHU LV DERXW    QP
GHWHUPLQHGRQWKHEDVLVRISDUWLFOHV7KHSDUWLFOHVDUH
DV\PPHWULFDO F      7KH VXUIDFH DUHD RI
SODWLQXP FDOFXODWHG IURP PLFURVFRSLF LPDJHV LV 





QXPEHURIDQDO\VHGSDUWLFOHVF± WKHDVSHFW UDWLRDYHUDJHYDOXHAp±VL]HRI WKHSDUWLFOHP±SHULPHWHURI WKHSDUWLFOH
dp(TEM)±GLDPHWHURIWKHSODWLQXPSDUWLFOHVDYHUDJHYDOXHCSAPt±VSHFLILFVXUIDFHDUHDRISODWLQXPQDQRSDUWLFOHV
6DPSOHQDPH nc F=4ʌAp/P2 dPt (TEM)QP CSAPtPJ3W
9XOFDQ3W    
):3W$    




'HFRUDWLQJ &% VRRW DQG RWKHU QDQRVWUXFWXUHG FDUERQ
PDWHULDOV ZLWK FDWDO\VW QDQRSDUWLFOHV VR WKDW WKH\ DUH
DGHTXDWHO\VPDOODQGXQLIRUPLQVL]HXQLIRUPO\GLVWULEXWHG
RQWKHVXUIDFHRIWKHVXSSRUWDQGVWDEOHRYHUDZLGHUDQJHRI
WKHUPDO DQG HOHFWURFKHPLFDO FRQGLWLRQV LV DPDMRU UHVHDUFK
FKDOOHQJH 'LIIHUHQFHV LQ WKH VKDSH DQG VL]H RI SODWLQXP
QDQRSDUWLFOHVUHTXLUHVTXDQWLWDWLYHLQIRUPDWLRQ)RUVSKHULFDO
SDUWLFOHV WKH GLDPHWHU FDQ EH GHWHUPLQHG EDVHG RQ WKH
DQDO\VLVRI7(0LPDJHVIROORZHGE\WKHYROXPHPDVVDQG
SURSRUWLRQ RI DWRPV IRXQG RQ WKH VXUIDFH RI WKH &$6
SODWLQXPSDUWLFOHV7KHSUHVHQWHGZRUNSUHVHQWVDPHWKRGIRU
GHWHUPLQLQJ WKH VSHFLILF VXUIDFH RI SODWLQXP ZKHQ WKHLU
VKDSH LV HORQJDWHG ,W LV ZRUWK QRWLQJ WKDW WKH PRGLILHG







4.5.  Comparison of the size and specific 
surface area of platinum nanoparticles 
deposited on Vulcan and graphitised 
carbon black FW200
5.  Conclusions
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
7KHVLJQLILFDQFHRIWKHSUHVHQWHGZRUNUHVXOWVIURPWKH
SRVVLELOLW\ RI XVLQJ WKH GHVFULEHG PHWKRG LQ WKH FDWDO\VW
VWXGLHVGXULQJUHDOFDWDO\WLFSURFHVVHV,WDOORZVWRFRPSDUH
FDWDO\WLF DFWLYLW\ DIWHU WKH SURFHVV DOVR LQ XQXVXDO




















FDUERQ EODFN DV HOHFWURFDWDO\VWV VXSSRUWV IRU '0)&
DSSOLFDWLRQV -RXUQDO RI 3RZHU 6RXUFHV  

>@ ($QWROLQL&DUERQVXSSRUWVIRUORZWHPSHUDWXUHIXHO
FHOO FDWDO\VWV $SSOLHG &DWDO\VLV % (QYLURQPHQWDO

>@ 08FKLGD < $R\DPD0 7DQDEH 1 <DQDJLKDUD
1 (GD$2KWD ,QIOXHQFHV RI ERWK FDUERQ VXSSRUWV
DQG KHDWဨWUHDWPHQW RI VXSSRUWHG FDWDO\VW RQ
HOHFWURFKHPLFDOR[LGDWLRQRIPHWKDQRO-RXUQDORI WKH
(OHFWURFKHPLFDO6RFLHW\
>@ ; <X 6 <H 5HFHQW DGYDQFHV LQ DFWLYLW\ DQG
GXUDELOLW\ HQKDQFHPHQW RI 3W& FDWDO\WLF FDWKRGH LQ
3(0)& 3DUW , 3K\VLFRFKHPLFDO DQG HOHFWURQLF
LQWHUDFWLRQ EHWZHHQ 3W DQG FDUERQ VXSSRUW DQG
DFWLYLW\ HQKDQFHPHQW RI 3W& FDWDO\VW -RXUQDO RI
3RZHU6RXUFHV
>@. 6RKOEHUJ 7- 3HQQ\FRRN : =KRX 6-
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
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$-0F*LEERQ'(-HVVRQ0)&KLVKROP'LUHFW
GHWHUPLQDWLRQRI LQWHUIDFHVWUXFWXUHDQGERQGLQJZLWK
WKH VFDQQLQJ WUDQVPLVVLRQ HOHFWURQ PLFURVFRSH
3KLORVRSKLFDO 7UDQVDFWLRQV RI WKH 5R\DO 6RFLHW\ RI
/RQGRQ $ 0DWKHPDWLFDO 3K\VLFDO DQG (QJLQHHULQJ
6FLHQFHV
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